We tested technologies of processing of flotation tailings by using combined flotation reagent on the example of tailings from Zhezkazgan plant and Tishinskoe deposit (Kazakhstan). The combined collector is a mixture of composite aerofloat, TS-1000 and butyl xanthate with reactant ratios 1:1:3. The advantage of the suggested flotation reagent is its composition including two polar groups and a long hydrocarbon radical. We showed that the flotation of Zhezkazgan tailings using smaller consumption of combined reagent in comparison with butyl xanthate resulted in the draft copper concentrate with copper content 13.0 % at recovery 80.22 %. In comparison with the base technology the content of copper in the draft concentrate increases at 5.1 %, and the recovery -increases at 31.4 %. At flotation of Tishinskoe deposit tailings the copper recovery into the collective concentrate increases at 9.63 %, lead -at 8.41 %; zinc -at 9.2 %. Àïðîáèðîâàíû òåõíîëîãèè ïåðåðàáîòêè õâîñòîâ ôëîòàöèîííîãî îáîãàùåíèÿ ñ ïðèìåíåíèåì êîìáèíèðîâàííîãî ôëîòîðåàãåíòà íà ïðèìåðå AEåçêàçãàíñêîé ôàáðèêè è Òèøèíñêîãî ìåñòîðîaeäåíèÿ (Êàçàõñòàí).
Introduction
The industry largely uses xanthates, dialkyldithiophosphates and mercaptans for the flotation of sulfides, oxidized minerals of heavy non-ferrous metals, native and noble metals. For the selective extraction of over 40 minerals of heavy non-ferrous and noble metals with different physical and chemical properties only 5 6 types of sulfhydryl collectors are used at flotation.
We tested several new reagents out of many combinations of three major donor atoms (S, N and O) in the main group of bonds, including several complexing agents, as collectors; and the received results were actively discussed in numerous books and papers [1] [2] [3] .
The search and development of new more selective collecting reagents for the flotation process improvement is a priority when creating innovative technologies of flotation separation of substances and minerals. A large number of organic compounds were suggested as collectors, however, less 160 were used in practice [4] . The modern practice of application of collectors in the flotation of sulphide ores mainly involves xanthates and aerofloats. The additional application of aerofloats allows not only improving the quality of the sulphide concentrates due to a more selective action of the aerofloats, but also enhancing recovery of metals due to the ability of aerofloats to float fine particles efficiently.
The work [5] presented the results of laboratory researches and industrial tests on the use of hexyl xanthate of Hoechst company and mixtures with butyl and isopropyl xanthates at the flotation of sulfide copper minerals. The work showed technological and economic efficiency of application of hexyl and butyl xanthates mixture while reducing its consumption from 70 to 50 g/t. Copper recovery increased at 0.4 %.
As a more selective collector in the separation of pyrite and arsenopyrite it was suggested to use the reaction product of xanthate and propylene-chlorohydrin, which received the name of PROX reagent. The results of experimental studies of the collectors from the dialkyldithiophosphate class (aerofloats) indicate that their combined use with xanthates in many cases enhances the extraction of metals [6] [7] [8] [9] .
The application of mixtures of collectors is one of the methods to achieve the desired ratio in each case of amounts of chemically and physically adsorbed collector on the surface of floated mineral.
At present recycling involves rebellious ores and technogenic raw characterized by low content of valuable components, fine impregnation of mineral complexes and similar technological properties of the constituent minerals.
To achieve high technological results is important to prepare old tailings before enrichment operations. Preparations may include regrinding of tailings, fractionation, desliming and washing [10] [11] [12] .
The development of effective technologies of extraction of minerals of non-ferrous and noble metals is one of the priorities for concentrating industry in Russia and Kazakhstan. These tasks are optimized within the framework of agreements on scientific cooperation, and the need for complete and integrated development of different deposits, ensuring high profitability of the enterprises, improving ecological environment in the mining regions determine relevance of scientific researches toward intensification of methods and ways of extraction of valuable components from rebellious and technogenic raw [13] [14] .
Experimental Procedure
We studied the possibility of processing flotation tailings from Zhezkazgan concentrating plant and flotation tailings from Tishinskoe deposit with the use of the combined collector. As the combined collector we selected a reagent mixture, which collective ability depends on pH. This allows selective separation of sulfide minerals with similar physical and chemical properties. Therefore the following initial reagents were used: butyl xanthate (BX), thionocarbamates TS-1000 and composite aerofloat.
The raw for the composite aerofloat was a composite mixture of Ñ 3 Í 7 -Ñ 6 Í 13 -ÎÍ alcohols extracted from the dried alcohol fraction of fusel oil. According to the fractional distillation of the fusel oil, the main component of dry fusel oil was isoamyl alcohol more than 80 %.
Our experiments presented that the fusel oil in the reaction with pentasulphide phosphorus behaved as isoamyl alcohol.
The production of composite aerofloat proceeded in two stages. The first step production of dialkyldithiophosphoric acid (so-called acid ester) by reaction of pentasulfide phosphorus with dried alcohol fraction Ñ 3 Í 7 -Ñ 6 Í 13 -ÎÍ. The second stage production of sodium salt of dialkyldithiophosphoric acid by alkali neutralization. The neutralization was carried out with excessive sodium hydroxide with production of the composite aerofloat.
The advantage of the suggested combined collector compared with other known reagents is that they contain two polar groups and a long hydrocarbon radical. We chose the optimal ratio of reagents in the composition of the combined collector, which made the composite aerofloat: thionocarbamates TC-1000: butyl sodium xanthate = 1: 1: 3.
We studied the possibility of processing flotation tailings from Zhezkazgan concentrating plant and flotation tailings from Tishinskoe deposit with the use of the combined collector [15] . We studied the mineral and granulometric composition of flotation tailings from Zhezkazgan concentrating plant and developed the flotation modes using basic flotation reagents. According to the results of chemical analysis the Zhezkazgan tailings contain 0.13 % copper; 0.01 % lead; 0.01 % Zn; 66.31 % SiO 2 ; 2.3 % total iron; 11.8 % Al 2 O 3 ; 5.96 % CaO; <0,0003 % Cd; 0.16 % sulfur.
The methods of study are mineralogical analysis , X-ray phase analysis ( X-ray diffractometer D 8 ADVANCE); X-ray fluorescence analysis (XRF spectrometer with wave dispersion Venus 200 PANalyical B. V. Holland) , chemical analysis , flotation ( at flotation machines FL-290, FM-1, FM-2 (Russia).
Results and Discussion
We conducted dispersion analysis of the tailings and studied the distribution of copper and iron by size class. The results of the analysis are presented in Table 1 . Table 1 shows that the main part of copper (72.43 %) is within -74 + 50 mcm size class, and in the smaller 10 mcm class (17.2 %).
We conducted researches on improvement of technological modes of flotation of tailings from Zhezkazgan concentrating plant with the use of basic and combined collectors. The scheme of flotation of tailings from Zhezkazgan concentrating plant with production of draft copper concentrate is shown in Figure 1 .
We improved the modes of regrinding of tailings from the plant and determined the optimum consumption of the reagents. The flotation was carried out with separate reagents and their various combinations.
The results of the flotation of tailings from Zhezkazgan copper plant with optimal consumption of the reagents are shown in Table 2 . Table 2 shows that the application of the combined collector (mixture of composite aerofloat, thionocarbamate TC-1000 and butyl xanthate in the ratio of 1:1:3) in the flotation cycle of tailings from Zhezkazgan copper plant allows to improve the technological characteristics of the enrichment compared to other reagents.
According to the base technology using only butyl xanthate (250 g/t) we obtained draft copper concentrate with the copper content 7.9 % at recovery 48.82 %. Application of thionocarbamate (60 g/t) and its combination with butyl xanthate can increase copper content in the draft copper concentrate to 12.1 % and copper recovery to 76.65 %.
The best results of the content and recovery of copper from the tailings of Zhezkazgan copper plant were achieved with the use of the combined collector, which consumption was much lower than the base reagent (25 g/t). This application resulted in draft copper concentrate with the copper content 13.0 %, recovery 80.22 %.
The action of the combined collector was tested during flotation of tailings from Tishinskoe deposit. According to the results of chemical analysis the sample from the studied.
Tishinskoe tailings contained 0.05 % copper; 0.06 % lead;
1.1 % zinc; 52.3 % SiO 2 ; 2.3 % iron; 8.1 % Al 2 O 3 ; 2.5 % CaO; 8.7 % MgO. The dispersion analysis of tailings from Tishinskoe deposit showed that the most part of useful components -copper, lead and zinc were concentrated in the fraction 010 mcm. The flotation scheme included regrinding of tailings, basic, control flotations and four recleanings of collective copper-lead-zinc concentrate.
We selected optimum mode of regrinding, consumption of collector and foaming agent in the cycle of collective copper-lead-zinc flotation of tailings from Tishinskoe deposit. At the optimum regrinding of tailings to 75.0 % of class -0.040 mm, collector consumption 150 g/t, T-92 foaming agent -80 g/t we obtained the collective copper-lead-zinc concentrate containing 2.5 % copper at recovery 61.7 %; 2.0 % lead at recovery 59.52 %; 4.3 % of zinc at recovery 59.41 %; 8.3 % of iron at recovery 40.4 %; 5.8 g/t of gold at recovery 53.41 %.
The application of the combined collector (mixture of composite aerofloat, TC-1000 thionocarbamate and butyl xanthate in ratio of 1:1:3) improves the extraction of useful components into the collective copper-lead-zinc concentrate produced from tailings of Tishinskoe deposit reducing the consumption of foaming agent T-92 to 25 %, from 80 to 60 mg/kg (Table 3) .
With the use of the combined collector we produced the collective copper-lead-zinc concentrate containing 2.2 % copper at recovery 76.74 %; 1.8 % lead at recovery 70.43 %; 3.3 % zinc at recovery 71.22 %. Extraction of copper increased at 9.63 %, lead -8.41 %; zinc -9.2 %.
At that the consumption of the combined collector was 50 g/t less than sodium butyl xanthate, the consumption of base foaming agent decreased at 25 %.
Conclusions
On the basis of complex studies we chose the selective combined collector consisting of mixture of composite aerofloat, TC-1000 and butyl xanthate. The reagent ratio was 1:1:3.
The advantage of the suggested flotation reagent is that it incorporates two polar groups and a long hydrocarbon radical.
The reagent action was studied with the flotation tailings from Zhezkazgan concentrating plant and tailings from Tishinskoe deposit. It was shown that the flotation of tailings from Zhezkazgan plant with smaller, compared with butyl xanthate, consumption of combined collector resulted in the draft copper concentrate with copper content 13.0 % at recovery 80.22 %. Compared to the basic technology the copper content increased at 5.1 % in the draft concentrate, recovery at 31.4 %. The flotation of tailings from Tishinskoe deposit resulted in increasing extraction of copper at 9.63 %, lead -at 8.41 %; zinc -at 9.2 %.
